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(54) Tide: POSITION DETECTION 



(57) Abstract 

In order to determine accurately the location of 
a splint (10) within a bone (1), and so permit accurate 
drilling to locations matching the location of holes 
(1 1, 12) in the splint (10), a probe (15) is inserted into 
the splint (10). The probe (15) carries on a head (16) 
thereof transmission coils (20, 21) which are powered 
from a suitable transmitter (23) to generate magnetic 
fields. Those magnetic fields may then be detected by 
a detector having detection coils (30, 31). The position 
of the coils (30, 31) of tiie detector may be dianged 
both lineariy and rotationally until the detector (34) 
connected to the detection coils (30, 31) detects maxi- 
mum signal strength. The detection coils (30, 31) are 
then aligned with one of the transmisdon coils (20, 
21). Since the detection coils (30, 31) are on opposite 
sides of the splint (10), the line joining ttem corre- 
sponds to the axis of the appropriate hole (1 1, 12). 



23 



^=1 


TOP Bor 


8 V 






FOR THE PURPOSES OF INFORMATION ONUT 



Codes used lo idenii^ States party to the PCT on the front pag^s of pamphlets publishing inicrnaiional 
applications under the PCT. 



AT 


Aiistri4 


n 


AU 


Australia 


FR 


BB 




GA 


BE 




CB 


BF 


BurfciaaFaso 


GN 


BC 


Bulgaria 


GR 


BJ 


Bcoin 


HU 


BR 


Bfiuil 


IE 


CA 


CsukoSa 


IT 


CF 


Ctnlrzl Arrican Rirpufalic 


JP 


CC 


Coag» 


KP 


CH 


Switxx:dand 




a 


Cjoic dlvoirc 


KR 


CM 


C^uncroon 


U 


C5 


Occboslavaiia 


Uv 


CZ 


Ocdi Republic 


LU 


DB 


Gennany 


MC 


DK 


DcamarL 


MG 


ES 


Spain 


MI 



France 



United Kingdom 

Guinea 

Greece 

Hungary 

Ireland 

tialy 

Japan 

tJcmacralic IVoplc'» Rcputilic 
oT Korea 

Kepoblic of Korea 

liochlcnsiein 

Sri Lanka 

Ixixcmbourg 

MoaacQ 

Madag^KScar 

Man 



MN 


Mongolia 


MR 


Mauritania 


MW 


Mabwi 


NL 


Netherlands 


NO 


Nomray 


NZ 


NcwZualaad 


PL 


Pbland 


PT 


Portugal 


RO 


Romania 


RU 


Ruaian Federation 


SO 


Sudan 


SB 


Sweden 


SK 


Slovak Republic 


SN 


Senegal 


SU 


Soviet Union 


TO 


Chad 


TC 


Togo 


UA 


Ukraine 


US 


United Siaha uf America 



wo 93/02626 PCr/GB92/01454 

1 

POSITION DETECTION 
The present invention relates to the detection of 
the location of an object, such as a splint or a 
specific part of a splint, within a human or animal 
5 body. 

For serious bone fractures, it is sometimes 
necessary to insert a rigid support (hereinafter 
"splint") within the fractured bone, and to pin the 
part of the fractured bone to that splint to ensure 

10 that the bone can provide sufficient support whilst it 
heals. -For example, for major fractures of a femur, 
it is necessary that the person must be able to stand 
whilst the bone heals, or else the person is 
immobilised for some time. Techniques already exist 

15 for insertion of rigid splints into bones, but a 
problem arises when the splint is to be pinned to the 
bone. Normally, such a splint has pre-formed holes 
therein, and after the splint has been inserted, it is 
necessary to drill through the bone at a location 

20 precisely matching the location of the holes, for the- 
insertion of a suitable pin. Therefore, it is 
necessary precisely to determine the location of the 
splint and particularly the pre-formed holes of the 
splint within the bone. 

25 Many techniques already exist for detection of 

objects within a living body, such as ultrasound 
investigations, but most are unsuitable for detection 
of the location of a splint within a bone because the 
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majority of techniques do not permit investigation 
within the bone. In existing systems, the only 
practical method of detecting the location of the 
splint and in particular the pre-formed holes is to 
5 use X-rays, but in order to obtain a sufficiently 
accurate measurement, long X-ray exposure times have 
to be used, which is dangerous to both the person 
being investigated, and the medical personnel carrying 
out the investigation. Therefore, an alternative 

10 technique is desirable. 

According to the present invention, it is 
proposed that a means for generating a magnetic field 
is inserted into the splint such that it becomes 
located axially at a position corresponding to a 

15 feature of the splint, and a sensor is provided for 
detecting the magnetic field produced. Since any 
magnetic field is directional, it is then possible 
accurately to locate the position of the means for 
producing the field, and hence the location of the 

20 feature of the splint, such as the pre-drilled 
hole(s), corresponding to the location of the field- 
producing means. 

Preferably, the means for producing a magnetic 
field comprises one or more solenoidal aerials to 

25 which alternating currents are applied so as to 
• generate magnetic fields which may then be detected by 
one or more detection coils. Preferably, at least two 
detection coils are used, which are positioned on 
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opposite sides of the solenoldal aerial, so thai: the 
direction between the detection coils, at maximum 
signal strength, defines a line passing through the 
aerial, and hence through the pre-drllled hole in the 
5 splint. This enables the drilling operation to be 
accurate. In order to achieve this, it is necessazry 
that the solenoldal aerial, or other means for 
generating a magnetic field, is accurately positioned 
within the splint. However, a variety of mechanical 

10 arrangements may be used to achieve this, including 
shaping the guide for the solenoldal aerial which 
matches the internal shape of the splint, or by having 
a latching arrangement attached to the solenoldal 
aerial, which, when correctly positioned, engages the 

15 holes in the splint into which the pin is to be 
inserted # 

Although the present invention, as discussed 
above, is primarily envisaged for use in the detection 
Of the location of a feature such as pre-drilled holes 
20 in a splint within a human or animal bone, the present 
invention is also applicable to the detection and 
pinpointing of other features of a splint within a 
human or animal body. 

An embodiment of the present invention will now 
25 be described in detail, by way of example, with 
reference to the accompanying drawings in which: 

Fig. 1 is a general schematic view of an 
apparatus according to the present invention; 
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Fig. 2 is a detail of the probe head of the 
apparatus of Fig. 1; 

Fig. 3 is a sectional view along the line z-z.in 

Fig. 2; and 

5 Fig. 4 is a sensor for use with the apparatus of 

Fig. 1. 

Referring first to Fig. 1, a rigid splint of e.g. 
metal 10 is insertable into a broken bone 1, such as 
a femur, by standard surgical techniques. As shown in 

10 Fig. 1, the splint 10 is hollow, and has two holes 11, 
12 therein adjacent one end. The splint 10 is 
positioned in the bone 1 with the end of the splint 10 
having the holes 11, 12 being inserted first, and it 
is thMi necessary to drill through the bone 1 in order 

15 to insert pins through the bone 1, and through holes 

11, 12 to secure the end of the splint to lAe bone 1. 
The present embodiment is therefore concerned with the 
accurate detection of the position of the holes 11,12. 

A probe 15 comprises a probe head 16 mounted on 
20 one end of an elongate shaft 17. The shaft 17 has a 
length such that, trtieri -Oie probe head 16 Is inserted 
into the splint 10, as shown by arrow 18, the probe 
head 16 coincides with the location of the holes 11, 

12. AS shown in Fig. 2, the probe head 16 supports a 
25 pair of transmission coils 20,21 which form solenoidal 

aerials- The transmission coils 20, 21 are connected 
by wires 22 to a transmitter 23. When the transmitter 
23 is activated, eittito of the coils 20, 21 generate 



wo 93/02626 PCr/GB92/01454 

5 

a magnetic field* 

Fig. 3 also shows that, in this embodiment of the 
present invention, the probe head 16 has a non-uniform 
shape which shape may correspond to the internal 
5 profile of the splint 10, so that, when the probe 15 
is inserted into the splint 10, not only will the 
probe head 16 be located in the position corresponding 
to holes 11,12, but the transmission coils 20,21 will 
have their axes aligned with the axes of the holes 

10 11,12. Thus, the directions of the magnetic fields, 
produced by the transmission coils 20,21 define the 
axes of the holes 11,12. 

Of course, alternative arrangements are possible 
for ensuring alignment of the transmission coils 20,21 

15 and holes 11,12. For example the probe head 16 may 
carry suitable latching means which engages the holes 
11,12 when the probe head is suitable positioned, 
thereby to ensure a more firm fixing of the probe head 
16 in the splint 10 during time when the transmission 

20 coils 20,21 generate a magnetic field. 

The sensor for detecting the magnetic fields 
generated by one of the transmission coils 20,21 is 
shown in Fig. 4. The sensor has two detection coils 
30,31 mounted on a support 32. As can be seen by Fig. 

25 4, the support 32 is shaped so as to receive e.g. a 
limb of the human or animal body in which the splint 
10 has been inserted, and has a bracket 33 on which 
the detection coils 30,31 are positioned so that they 
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are spaced apart, but: aligned. The detection coils 
30,31 are connected to a suitable detector 34 • 

With the generator 23 activated, so that the 
transmission coils 20,21 are generating a magnetic 
5 field, the sensor is positioned so that the detection 
coils 30,31 are positioned on either side of the 
splint 10, and then the position of the bracket 33 is 
changed both linearly and rotationally, until the 
mayitniim signal strength is detected by the detector 

10 34. At this position, the detection coils 30,31 are 
aligned with one of the transmission coils 20,21, so 
the line joining the detection coils 30,31 corresponds 
to the axis of the appropriate hole, 11,12. It is 
then possdLble to drill along the line between the 

15 detection coils 30,31, with confidence that the hole 
thxis drilled tiirough the bone will meet the 
appropriate hole 11,12 in the splint 10. This process 
can then be repeated for the other hole 11,12, 
detecting the magnetic field from the other of the 

20 transmission coils 20,21. Indeed, it is possible for 
cLrilling ducts to be formed within the detection coils 
30,31 and the drilling operation to occur with the 
support 32 in place, thereby to ensure more accurate 
drilling. 

25 As described above, the signal generated by the 

generator 23 will be an alteimating signal of e.g. 
76kHz. However, the present invention is not limited 
to the use of alternating signals, although these are 
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preferred • In a similar way, the present invention is 
not limited to the use of two detection coils, 30,31. 
In theory, one detection coil is sufficient but the 
use of at least two provides more accurate alignment. 
5 Indeed, it is possible to use additional detection 
coils for more accurate positioning. For example, if 
each of the detection coils 30,31 is replaced by an 
array of 4 coils, then a more accurate measurement of 
the maximum field position is possible. 

10 Some splints 10 have a profile such as that shown 

in Fig. .5, in which there is an opening 40 to the 
interior of the splint 10 running along the length of 
the splint 10, and there is a projecting part 41 
extending along the splint 10 on the opposite side 

15 from the opening 40. With such a splint 10, the probe 
head 16 may be shaped to have first and second 
projections 42,43 which are received in the opening 40 
and projection 41 respectively, thereby ensuring that 
the probe head 16 has a defined orientation relative 

20 the splint 10. In this way, the transmission coil 21 • 
(or the transmission coil 20) has its orientation 
defined accurately relative to the splint 10. 
Furthermore, as shown in Fig. 1, a stop 50 may be 
provided on the elongate shaft 17 of the probe 50. 

25 That stop 50 then limits the depth to whicdi the probe 
head 16 can be inserted into the splint 10. The 
location of the stop 50 on the elongate shaft 17 may 
be made adjustable to adapt the apparatus to different 
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splxn-ts • 

Altiiough the above descript:±on refers to the use 
of a pair of transmission coils 20,21, it is possible 
to use one ooil, or even use more than two coils. 
5 indeed^ due to the sdLmplicity of construction^ the use 
of one coil is currently preferred- 
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CLAIMS 

1. A detection apparatus, comprising: 

an object (10) positionable within a part of a 
human or animal body; 
5 means (20,21) located within said object (10) for 

generating a magnetic field; and 

a sensor (30,31,34) for detecting the orientation 
of said magnetic field relative to the part (1) of the 
body, thereby to determine the position of said object 
10 within the part (1) of the body; 
characterised in that: 

the object (10) is a splint having at least one 
fixed feature (11,12) therein, and the means for 
generating a magnetic field is aligned with said at 
15 least one feature (11,12) in the splint. 

2. An apparatus according to claim 1, wherein the 
means (20,21) for generating a magnetic field is a 
solenoidal aerial, and the apparatus has means (23) 
connected to the solenoidal aerial for generating a 

20 signal in the solenoidal aerial (20,21), thereby to 
g^erate the magnetic field. 

3. An appeuratus according to claim 1 or claim 2, 
wherein the sensor (30,31,34) comprises at least two 
spaced apart detection coils (30,31) locatable on 

25 opposite sides of the means (20,21) for generating a 
magnetic field, the detection coils (30,31) being 
movable to permit the detection coils (30,31) to be 
aligned with the field generated by the means (20,21) 
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for generating a magnetic field. 

4. An apparatus according to claim 1, wherein the at 
least one feature (11,12) is a hole. 

5. A method of detecting an object (10) within a 
5 part (1) of a human or animal body^ comprising: 

inserting means (20,21) for generating a magnetic 
field into said object (10) to a predetermined 
position; 

generating that magi>etic field; and 
10 detecting the orientation of that magnetic field 

by using a sensor (30,31,34) located outside the body; 
characterised in that: 
* the object (10) is a splint having at least one 
fixed feature (11^2) therein; 
15 the method further includes aligning the means 

for generating aligning the means for generating a 
magnetic field with said at least one feature (11,12) 
in the splint (10). 

6. A detection assembly, comprising: 

20 means (20,21) insertable into said object (10) 

positionable within a part (1) of a human or animal 
body for generating a magnetic field; and 

a sensor (30,31,34) for detectir^ the orientation 
of said magnetic field relative to the part (1) of the 
25 body, thereby to determine the position of said object 
(10) within the body; 

characterised in that: 

the object (10) is a splint having at least one 
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fixed feature (11,12) -therein, and the means (20,21) 
for generating, a magnetic field is arranged to be 
alignable with said at least one feature (11,12) in 
the splint. 
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